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*** IMPORTANT DOCUMENT - PLEASE READ CAREFULLY *** 


Stop Press No. 1 Welcome to S271 


Before you start studying Unit 1, you might be interested in some feedback from 
the last few years of presentation of the course. First the cold statistics; of the 
students who finally registered for S271 in the last three years about 70% sat the 
exam, and just under 90% of these passed. The overall level of achievement of the 
students throughout each year was encouragingly high. 


h m roblems? 
For a large number of students the first major hurdle they had to cross arose from 
the course's rigorous use of vector notation. Vector techniques are particularly 
prominent in the early units on mechanics and electromagnetism and are essential 
for solving many physical problems. Therefore, it's worth taking the time to master 
the notation right at the start. The best ways of doing that are by being 
scrupulously accurate in the notation you use in your own problem solving of 
SAQs, ITQs and CMAs (Beware - different courses use different notation - make 
sure you are consistent), by looking carefully at your tutor's comments on your first 
TMA and by finding the time to carry out the revision exercises in Unit 5. If you 
still feel a little lost after going through the units, don't worry: there will be plenty 
of relevant activities at Summer School to help you to consolidate your grasp. 


Many students find Units 6 and 8 on electrostatics and electromagnetism to be 
more demanding than average. To help you to make time available to study them 
adequately, we have designed into the course a study fortnight, Unit 5, in which 
there is no new material, and then a very short unit, Unit 7. Do use the Unit 5 
study fortnight to get up to date, ready to tackle Units 6 and 8. 


Of course, you will find other difficulties during your study of S271: some of the 
concepts, for example, in the relativity and quantum mechanics units, are difficult 
and challenging, but if you're typical of the S271 students in previous years, you 
will find study of the course rewarding and enjoyable. 


Where to start 

The first mailing should contain everything you need to start the course. If there is 
anything on the Contents Checklist which you have not received, please contact 
Correspondence Services at the address given. Your home experiment kit will be 
sent to you at a slightly later date. A word of warning here - since you do 
not perform any experiments after those in Units 9 and 10, the home 
experiment kit warehouse may well recall E kit early, Please make 


sure, therefore that you do not leave an experiment to do at the end of the course, 
and check to see if any TMAO3 questions require you to make use of it. 


Before starting on the units, we recommend that you read the Introduction and 
Information booklet which gives you some basic facts about the course and how all 
of its various components fit together. One component that isn't mentioned there 
is the Experimental Errors booklet that is included with this mailing. This booklet 
was produced - by popular demand - after the first year of presentation of the 
course, and you'll find it a handy source of information about dealing with the errors 
that arise in your home experiments and Summer School experiments. Another 
new item, produced for the first time in 1991, is the booklet 'Contemporary Views' 
which you will receive in the second mailing. This consists of three articles on 
subjects of current interest to physicists. It is not assessable but we hope you 
will find it interesting. 


mmer hool 
More details about the Summer School will be sent to you in a later mailing, but 
you will notice that the Summer School of S271 is assessed: for administrative 
purposes the Summer School assessment is referred to as TMAOS, but, apart from 
filling in the PT3 form when you arrive at the Summer School, it does not involve 
you in any TMA activity. The assessment at Summer School is made solely on 
your laboratory work. As in all courses with course-based Summer Schools you 
must attend the Summer School or obtain an excusal to gain a course credit. 


MAs and TMA 
IMPORTANT CHANGES IN 1992. 


In 1992 you will find that most of the CMA questions are formative, i.e. they do not 
count towards your final score for the course. However each CMA has a few 
summative questions at the end which will count. We do urge you to attempt all 
the questions in each CMA as they will give you useful practice in answering 
questions on all aspects of the course. You will receive expanded CMA answers 
after the cut-off date so that you can see if and where you went wrong. They will 
also be useful when you come to revise for the exam. 


These will be sent to you with your assignment grade after the cut-off date. 
Please note however that a problem associated with the computer program that 
generates your CFAS letter could cause you some confusion in determining which 
are the correct answers. Although the S271 marking schemes allow the use of 
partial marks for some answers that are, strictly speaking, either incorrect or not 
the best options, the feedback programme does not distinguish between the best 
answers and the rest. Thus if a question asked for two correct responses and 
another two options were allowed a small partial credit, the printout would list all 
four options as correct answers. The model answers which accompany the CFAS 
letter will list the options awarded partial marks, but these model answers will 


only be sent to those students who actually submit the assignment. If for some 
reason you do not submi MA, but would still like to receive the model answers 


you can obtain a copy by writing to the S271 Course Manager at the address given 
at the end of this Stop Press, enclosing a stamped addressed envelope. 


If you are lucky enough to own or have access to a home computer and intend to 
produce your TMAs this way please note that they should not normally be typed 
on printers that have only capital characters. If, however, the use of such a printer 
is unavoidable, then at least the important technical terms and units of 
measurement and symbols that have specific meanings in the context of the work 
must be written by hand, respecting the norms for the usage of capital and small 


types. 


I rogramm 

Please check your Broadcast and Assignment Calendar carefully for the times of 
the television programmes. Unfortunately several broadcasts (particularly the 
repeats) are not at the regular scheduled times. 


The S271 Exam 

We apologise for mentioning the exam so early in the year, but you may be 
interested to know in advance that at or around the time of Summer School you will 
receive a specimen exam paper and model answers, a Revision Guide, which will 
direct your attention to the most central areas of the course and an actual past 
paper. You will find the Revision Guide indispensible as you attempt to 
consolidate your knowledge in preparation for the exam. We also thought that we 
ought to give you some prior warning of the rules governing the use of pocket 
calculators in the Examination. A calculator (or equivalent) is considered to be 
essential for the S271 exam and the minimum features it should have are 
arithmetic, simple trigonometric and logarithmic functions. The current University 
rules state that the calculator may be programmable but must not be able to 
display words or equations. You will not be allowed to use any calculators that 
have one or all of the following features:- 


- a full set of alphabetic keys 

- more than one line of display 

- exchangeable software modules and external 
attachments. 


If you have any queries, or problems with the course during the year, please 
contact Sue Messham, the Course Manager at the address below. 


We hope you enjoy studying S271 this year and wish you the best of luck with the 
Course! 


Dr. Joy Manners Sue Messham 

Course Team Chair S271 Course Manager S271 
Dept. of Physics 
The Open University 
Walton Hall 
Milton Keynes 
MK7 6AA 
Tel. 0908 652278 
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The Great Nebula in Orion (Photo courtesy NASA) 


The Faculty of Science has set up four Major Interest Areas in its award bearing 
programme, and all four areas are earmarked for development. One of these areas is 
Astronomy and Planetary Science. Our long-term intention is to increase the number of 
courses in this area in order to provide you with the opportunity to make astronomy and 
planetary science a prominent component in your degree. 


At present two courses lie entirely within this area, namely 

S256 Matter in the Universe) 

S267 How the Earth works: the Earth's interior? 

and three other courses overlap significantly with it 

ST291 Images and information 

S354 Understanding space and time 

$330 Oceanography. 

(There is also a course, PS625 Introduction to space technology, that is available only in 
the continuing education programme.) 


If you want to concentrate your studies in Astronomy and Planetary Science then please 
note the advice overleaf about routes through these and related courses. 


For further advice, and information about future developments, contact 
Dr. Barrie W Jones, Faculty of Science, the Open University, Walton Hall, Milton 
Keynes, MK7 6AA. 


T ee ee ee 
(1) The final presentation year for S256 is 1992. The replacement, S281 Astronomy and 
planetary science is scheduled for first presentation in 1994. S256 and S281 are excluded 
combinations. 

(2) S267 has replaced S237 The Earth: structure, composition and evolution, with which it 
forms an excluded combination. 


Recommended routes 


Note that either M101 or MS284 
is a prerequisite for S354 and that 
S271 and MST204 are also recommended 


Ex 2 [9297/9280 eem] 


Appropriate foundation level courses: see Undergraduate Courses 


Notes 

(1) Any route that does not go against an arrowhead is recommended. 

(2) The dashed route is from courses that are not formal prerequisites, but if you intend 
to take any one or more of these courses then we recommend the above order. 

(3 Courses joined by arrows pointing in both directions are particularly suitable for 
taking together in the same year. 

(4) If you have already taken some of these courses then you might not be able to 
follow a recommended route. This does not matter provided that you meet the 
prerequisites for each course (see Undergraduate C. ourseS). 

(5) All of the above courses (or their equivalents) will be available well into the 1990s, 
perhaps in revised form. 


Barrie W Jones 
November 1991 
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Stop Press No. 3: Miscellaneous 
ii Assessment 


You will no doubt be pleased to know that the Course Team has decided to 'black 
page' some of the material contained in the units. 


Unit 12 - Section 6.2 Relativistic Mechanics 
Unit15 - Section 5 Relativistic Quantum Mechanics 
Unit 16 - Sections 4 and 5 Neutron Stars and Black Holes 


These areas of the course will not therefore be assessed in assignments or in the final 
examination, but the Course Team hope that students may be motivated to read these 
sections at some point. 


2 CMAs 


Please ensure that you pencil across a cell for every question of each CMA. A row 
left blank upsets the computer! 


3 Contemporary Views 


In this mailing you will find a booklet entitled 'Contemporary Views' which consists of 
three articles on areas of current interest to physicists. This material is not 
assessable (except that Special Relativity is the subject of Unit 12) but we hope you 
will find it interesting. 


4 New Curiosity Shop 1992 


Please note that programme 7 "Without Chemistry' will be repeated on 27th 
September at 19.50. 


5 Change in time of TV 15 


TV 15 has been rescheduled to start 5 minutes earlier than planned i.e. at 06.35 on 
Sth September rather than 06.40. Please amend your Broadcast and Assignment 
Calendar. 


M tu vision Weeken 


This popular event will be held during September 11—13 1992 at Aston University, 
Birmingham. Tutorial sessions, by the best O.U. tutors available, are organized for all 
maths-related courses, and also for S271, S272, S354 and SM355. It is a splendid 
opportunity to meet hundreds of other O.U. maths people, and to get started on your 
revision for the exams. The cost of about £80 includes meals, accommodation and 
tuition. Please book as soon as possible, as popular courses fill up quickly. The last 
date for receipt of completed forms is August 28th. 


For further details and booking form, send a small s.a.e. to: 


Norma Rosier 

12b Tolstachaolais 
Isle of Lewis 
PA86 9DW 
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Stop Press No. 4: Quantum Tunnelling 
Unit 15 Section 4.4.1 provides an introduction to quantum tunnelling. 
Some students have found the section rather difficult. If you have problems 
following it, you may like to read this alternative version. It provides a somewhat 


fuller and more accurate account of the processes involved. 
4.4.1 Quantum penetration — a profoundly unclassical phenomenon 


Look at Figure 1 (a)* : it shows a potential energy function, East (x). You met a 
similar potential energy function in Section 5.4 of Unit 14. This is shown in Figure 
2a. Both are 'potential wells' but the new potential well does not have infinitely 
high walls: it is finite — the height of the walls (or, if you like, the depth of the 
well) is Ey. As in the case of the infinite well (albeit with somewhat more 
labour!), the eigen wavefunctions and energy levels of a particle in this finite 
potential well can be found by substituting the potential energy function into the 
Schródinger equation. The first three energy levels, corresponding to n = 1, 2 and 
3, are shown in Figure 1(a), and the three corresponding wavefunctions are 
sketched in Figure 1(b). I want you to compare these wavefunctions carefully with 
the corresponding wavefunctions for the infinite well, shown in Figure 2b. The 
similarity in shape should be apparent; but there is a crucial difference: in the 
"finite" case, the wavefunctions extend beyond the confines of the well into the 


regions x > D/2 and x « —D/2. Bearing in mind Born's interpretation of the 


* Not figure in Unit — see below. 


wavefunction, this implies that the particle 'in the well’ has a finite probability of 


being outside the well! 


Fig la Fig 2a 

x=-DR 0 x=+D/2 
y 

E 

x x 

ba Vee V. 

n vi 
Fig Ib 0 Fig 2b 0 


Figure 1 (a) A finite potential well Figure 2 (a) An infinite potential 
with the lowest three energy levels. well. 
(b) The wavefunctions corresponding (b) The wavefunctions corresponding 


to the three lowest energy levels. to the three lowest energy levels. 


Energy arguments will show how odd this behaviour is. A particle confined by the 
finite potential well must have one of several discrete values for the total energy, 


E op êS given by the energy eigenvalues. In addition the total energy must be such 


that E « Es. (If E s were greater than Ey the particle would be free, not 
confined). The total energy of the particle can be written as E, = E ut Eo 
Now, as Figure 1(a) shows, within the well B = 0, so we have simply 


ES: =F 
in 


x i.e. the kinetic energy associated with the particle is just its total 


tot" 
energy. However, outside the well E t = E, It follows that E in = E... — E pot = 
E, E Which is negative! This implies a negative E,. , which is a strain on 
one's physical intuition! Any region of space for which E in Would be negative is 
called classically forbidden, since a particle described by Newton's Laws is 
constrained from entering such a region by the forces associated with the potential 


energy slope at the boundaries of the region. (e.g. a ball bounces off the walls of a 


container). 


Why then do the wavefunctions of the finite well penetrate the classically 
forbidden region? First, notice that the quantity E x E = (x) (which we would 
classically identify as the kinetic energy) occurs in the Schrédinger equation. 


dey 812m 
Get Coa EQ BY = 0 


When EotT E SO is positive, the solutions of this equation are oscillatory (this is 
entirely analogous to the classical discussion in Units 9 and 10 and is evident in the 
central regions of Figures 1 and 2. However, when E x — E ot (x) is negative, the 
equation still gives solutions for the wavefunctions. However, these solutions are 
no longer the familiar oscillatory solutions, but are decaying exponentials, like the 
voltage on a discharging capacitor or the number of radioactive nuclei in a given 
sample. If you inspect more closely those parts of the wavefunctions in Figure 1 (b) 
that extend into the classically forbidden regions, you will see that they do have this 
exponential behaviour. Notice at the same time that the higher is E io, 0-€- the 
smaller is the difference (Eg — E 9» the greater is the extent of the penetration of 
the wavefunction into the classically forbidden regions. This inverse relationship is 


true in general. It explains why there is no penetration in the case of the infinite 


potential well: if we keep E,.. constant and let E, — «e, then the extent of 


penetration of the wavefunction outside the well will tend to zero. 


distance r from centre of the nucleus / 107" m 


potential energy of the electron / 107! J 


Figure 3 The potential energy function E , = -e!KAn&r) of the electron in a 


hydrogen atom. 


Both types of well discussed above — finite and infinite — are idealised. Atomic 
potential energy functions do not have vertical sides and sharp "corners". So, you 
may wonder, how seriously we need to take "quantum penetration"? The answer 
is that, penetration is a feature of the wavefunctions resulting from all physically 
realistic potential energy functions! It is the strict confinement of the wavefunction 


exhibited by the infinite well which is the exception to the general rule. 


We can illustrate this through an exercise based on a realistic potential energy 
function you have already met: the Coulomb attraction between the electron and 
the proton in the hydrogen atom (Figure 3). The electron in the ground state has a 
total energy of E pı = -13.6 eV = 2.18 x 10-13 J. Locate this value on the energy 
axis of Figure 3 and, at that value, draw a horizontal line on the graph, cutting the 


potential energy function. The radius r, at which the two lines intersect is of 


particular interest; this marks the boundary between the classically allowed and 


forbidden regions. Where r <r, the electron is in the classically allowed region 


with E, 2 E ; where r>r, the electron is in the forbidden region with E «E . 
tot pot b tot pot 


Read off the value of r, from Figure 3. 


SAQ Work out a value for r, directly from the expression for the potential energy 


function shown in Figure 3. 


The radial wavefunction of a 1s electron 


VA (r) 
fora 1s 
electron 
0 pc cd 6 
Figure 4 distance r from the centre 


of the nucleus/10 ^m 
Now look at Figure 4. This shows the radial part of the wavefunction for an 
electron in the ground state of the hydrogen atom. Mark your value of r, on the 
horizontal axis. Notice that the wavefunction does not fall to zero at this value of 
r; it falls off steadily with increasing r, but is clearly non-zero for some distance 
into the classically forbidden region outside r,, i.e. there is quantum penetration. 


This is not exceptional — this is the way wavefunctions behave in real situations! 


It is important to be clear about the meaning of penetration: we are not saying that 
quantum penetration of the classically forbidden region implies that the particle has 
escaped from the confining well. Again, the hydrogen atom should help to make 
the point clear. You saw in Unit 14 that, for the electron to become free, its total 
energy must be made positive, E p, 0. The wavefunction in Figure 4 describes 


an electron with E = —13.6 eV, that is to say a bound electron. Nevertheless, as 


will be explained in the following section, quantum penetration is the mechanism 
which allows an escape process such as a-decay to take place. The crucial 
difference between a system undergoing a-decay and the hydrogen atom is the 
form of the potential energy function. For some potential energy functions, the 
wavefunction can have finite values on both sides (inside and outside) of an 
energy barrier. Then a startlingly unclassical process known as tunnelling can 


occur. 


SAQ answer 


In the ground state E... = -2.18 x 1018 J. Atr = r the total energy is equal to the 


potential energy, i.e. 
EX E t = -e!/An&yr,. 
Mn -e!JAng E + 
= (1.6 x 107? C x 9 x 10? Nm?C7/2.18 x 1013 J 
= 1.06 x 107 m. 
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Stop Press No.5: Summer School 


This mailing contains the main items for your week at the S271 Summer School in Durham. 
The Laboratory Notebook describes all the experiments which will be available, so you 
would be well advised to have a look through it before you go, to familiarize ycurself with the 
different experiments on offer. 


Also during the Summer School week are four Problem Sessions where you will need to 
make use of the two Problem Books which are also enclosed in this mailing. These sessions 
are fairly informal occasions where you can sit down and work through some questions based 
on each unit in the course, with a tutor on hand to help out when necessary. 


If for some reason you cannot attend the Summer School you will still find the Problem Books 
extremely useful, and they may even form the basis of revision tutorials closer to the exam - 

problem solving practice always helps! Only numerical answers are given, but I am sure your 
course tutor will be able to help you out if you get really stuck! 


You will be receiving further information, timetable etc. from the host regional office closer to 
the time, but we would advise you to take with you the Laboratory Notebook, the Problem 
Books, the Experimental Errors booklet (from mailing 1), a calculator and writing materials. 
This year you will be asked to record the results of all the experiments in your own personal 
lab book. Thus you will need an A4 hardcover notebook which may be purchased at Summer 
School. Overleaf we describe how we envisage this being used. It is important that you read 
this material before going to Summer School and certainly before starting the first 
experimental session. 


It is also MOST IMPORTANT that you take along a completed PT3 form (there is an extra 
one in this mailing) as that is how we record your Summer School grade. Please have it 
ready for registration when you arrive, with your name, address, region, your date of arrival 
at the Summer School in place of the 'date sent to Tutor', your student serial number, and the 
course and Assignment number (which in this case will be S271 05) already filled in. 


Enjoy your week in Durham! 


USING A LOGBOOK 


Because the Summer School laboratory sessions may be the only occasion that you have for 
carrying out extensive experimental work during your S271 course, we deliberately try to 
introduce you to a wide range of apparatus, and to many different measurement techniques 
covering a broad spectrum of physical phenomena. With time being of the essence, an 
inevitable consequence is that we need to provide you with laboratory notebooks, which spell 
out, in considerable detail, what needs to be measured, what data must be collected, what 
graphs must be plotted, and much more. 


Now, there is nothing wrong with this approach, which is aimed primarily at giving you the 
experience of using a broad range of experimental techniques, and of encountering a variety of 
methods of handling experimental data. However, it is prescriptive and is different from the 
kind of experimental procedures you would encounter in a professional laboratory. In 
particular, it does not focus primarily on skills such as designing or planning experimental 
measurements, keeping an accurate record of exactly what happened during the 
measurements, and drawing the right conclusions from your results. We are looking at ways 
of giving more emphasis to these aspects of performing scientific experiments. 


The first step in this direction is that we want you to keep a LOGBOOK of your laboratory 
activities. Below we give you some guidance on how to keep a good record of your 
experimental work in the LOGBOOK. 


WHAT IS AN EXPERIMENT LOGBOOK? 


The purpose of an Experiment LOGBOOK is to keep as accurate and complete a record as is 
possible of your scientific experimental work. The acid test for its contents, therefore, is that 
it can provide the basis for writing up a report (or a scientific paper) at a later stage (say six 
months, or a year later) alternatively it could also be used by you (or by someone else), as 
clear guidance for reproducing or repeating your measurement. 


Keeping this kind of LOGBOOK is normal good practice in any scientific laboratory, since it 
provides a complete check on the "raw" data taken during the measurement. (We explain 
precisely what we mean by "raw" data later). It should also describe accurately the 
conditions prevailing during the measurements, and the details of the apparatus and the 
measurements themselves. 


j 


DO'S AND DON'TS FOR THE LOGBOOK 


* 


Use an A4 hardcover book. Suitable books will be on sale at Summer School. Ideally 
it should contain both lined and graph paper, but don't worry if it doesn't — graph paper 
can always be stuck in. 

Do not use loose bits of paper, shorthand dictating pads, and the like! 

Record information for clarity and legibility rather than merely neatness. 

Everything in the LOGBOOK should be written whilst performing the experiment. 


Do not transcribe information already contained in the lab notebook. 


Keep an accurate record of apparatus details, especially noting any modification you 
make. 


Make a careful record of all irretrievable relevant information (e.g., the relative 
position of things, who took the readings etc.). 


Record "raw" data, including estimated errors. By "raw" data, we mean recording 
events literally, without making any inferences, or thinking through what to expect. 
(An example of "raw" data is the sense of deflection of a charged particle in a 
magnetic field, before thinking about the sign of the charge involved). 


Describe what happens during a measurement (e.g., does a meter reading oscillate 
before settling down; does the lead pellet rebound/drop off the block in the muzzle 
experiment). 


Describe the probable sources of error, and how you have estimated them. 


Explain the reason for the rejection of any measurements (but still record the 
measurement!) 


Record the "raw" data in clearly headed Tables of measurements. The table headings 
should indicate the quantity that is being measured, and the units of measurement. 


Draw graphs (rough if necessary) as you record and analyze the data and staple or 
stick these into the LOGBOOK. 


Make notes on any modifications/changes to the apparatus, and possible 
improvements that could be carried out. 


Make notes on the provisional conclusions/interpretation of your results. 
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Stop Press No.6: Miscellaneous 


1. Blackpaged Material 


In Stop Press No.3 we told you that the Course Team had decided to reduce the content of 
the course by not assessing the following sections. 


Unit 12 — Section 6.2 Relativistic Mechanics 
Unit 15 — Section 5 Relativistic Quantum Mechanics 
Unit 16 — Section 4 and 5 Neutron Stars and Black Holes. 


We hope that these changes will allow you more time to assimilate the remaining material, 
prepare for the exam and, most importantly, to enjoy the course. Of course, we also hope 
that many of you will decide to read the relevant sections — they do summarize some of the 
most important advances of modern physics. We would be particularly sorry if you didn't gain 
some insight into the equations and concepts of relativistic mechanics that are part of popular 
culture. To help you do this, we have prepared the appended one-page comment, centred on 
the material in Unit 12 Section 6.2. 


Relativisitic Mechanics 


Newton's Laws fail for objects moving at high speeds. Experimentally their predictions are 
inaccurate: Theoretically they do not meet the principle of relativity and cannot therefore be 
‘laws of physics Relativistic mechanics, as outlined in Unit 12, sets up a new relativistically 
correct description of mechanical processes that works at both low speeds, where the 
predictions become identical to those of Newton's Laws, and high speeds, where Newton's 
Laws fall down. Relativistic mechanics is formulated so that the principles of conservation of 
energy and momentum remain valid. This requires new definitions of momentum and energy. 


For a body of mass m with velocity v with respect to an inertial frame the relativistic 
momentum p and energy E are defined as: 


mc? 


mo 
p.c 4 00d o ed 
a - vc) a - vc) 
where m is a constant we term the rest mass. 


H is easy to see from the momentum equation why objects cannot be accelerated to the 
speed of light c As v gets closer to c the term N (1 — v*/c *) tends towards zero and the 
momentum change associated with a given increase in speed tends to infinity. So the force 
required to accelerate the object (ie to increase its momentum) gets progressively bigger — 
infinite forces (infinite energy) would be needed to reach c. This increasing inertia is often 


viewed as an increase in the "mass" of the object, with the "mass" at speed v being given by 
miN (1 — v?/c?). Such terminology is appealing but unnecessary. 


The energy equation also implies the need to re-examine our understanding of a basic 
concept, in this case energy. The equation clearly states that a stationary object with rest 
mass m still has energy E = mc?. You will recognise this as the equation that always 
appears in the blackboard scribbles that act as a backdrop in 'mad-professor' scenes. The 
most notorious aspect of this equation arises from the large value of the constant c? 

(9 x 1016 m? s). Destruction of a particle of low rest mass liberates very large quantities of 
energy. The mass-energy conversion process is most familiar in nuclear power generation 
though the idea (as encapsulated by the equation) has much wider validity. 


The two exercises that follow will help you to appreciate the orders of magnitude involved in 
relativisitic mechanics. 


Exercise 1 


A particle is moving at 99% of the speed of light. What is the ratio of the magnitude of its 
momentum according to the relativistically correct Newtonian equations? 


Exercise 2 


A certain hypothetical radioactive material decays in such a way that, ultimately its rest 
mass is reduced by 1%. How much energy would be liberated from 1 kg of such material as it 
decayed? 


Answers 


(1)  Theratio Dy/Pv - [mv/N 1- v^/c? |/mo 


= IWi1-ve -iNa-(099cy/?) = 74 


It is clear that the relativistic effects (in particular the ‘barrier’ to further acceleration) are 
very significant at v = 0.99c. In fact, for predictions accurate to the 1% level, relativistic 
expressions are needed for speeds above v = 0.1 c. These may be outside our everyday 
experience but they are commonplace for sub-atomic particles. 


(2) From E =mc? it follows that AE = (Am)c?. In this case Am = 0.01 kg giving 

AE = 9x10'*J. This isa huge amount of energy, equivalent to a week's output of a large 
power station. Radioactive material can serve as an excellent long term energy store, for 
example release of energy from the radioactive material accreted during the Earth's formation 
and were deep within the Earth provides a significant contribution to our global energy 
balance. 
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Stop Press No. 7: Error in TMA02 


TMAO2 Question 2 part (c 


It has just been pointed out to us that part (c) contains references to both Ra and RA. 
The RA should, of course, have been printed as Ra. We apologize for any 
confusion this may have caused. 
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Stop Press No. 8: Error in CMA 45 


MA 4 ion 


It has just been pointed out to us that there is an error in option G, Question 6 of 
CMA 45. Please note that option G should read: 


"..State described by n 22,12 1 ...." (not 1 = 2). 


We apologize for any confusion this may have already caused. 


